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e last twenty years, commMes have
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reatment and supply and wastewater
~treatment and disposal.
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hding is impressive, but it may not be
1C nt to keep pace with infrastructure needs
—:_ of the future.”
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2 cutting-edge sol

your canuse today
GEal WIS 2 op‘n_

- Jszama Design Principles
jiEgated Water Management
J_ EOWV {mpact Development
el e oglcal Storm and Wastewater Treatment

"LEED (Leadership in Energy and Environmental Design)
~~  Green Building Rating System® is a voluntary,

consensus-based national standard for developing high-
performance, sustainable buildings see: www.usgbc.org

5._1.-

www.ecological-engineering.com



—— — T

p—

—~— | —
rinciples J"

SNIIENSTE SteEP! I evaltiating a site for

20 JJOJJH sound design Is to develop
ipjef e ,:Jﬁ: ine the design principles to be
I

~
~
c

USE

E’ﬁ the development process.

’_-*:"'rl"__he following are a few new principles for
Sustainable Design:
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Jhisein\VV/atersneadss s ntegrated \Water
Fr*oJoJ]rL Management
Westewater no more  © Re-thinking

.\1\/=F iEffectlveness Stormwater | .
Sustainable ® Ecological Engineering

e

__: “Maintenance where
“Life informs Design”=
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SIBEand Industrial Watersfieds =

OISIHEICNE Siterandl adjacencies that Impact
WIERSILE &S a unigue watershed ecosystem with
JIVEISEMpULs, outputs and opportunities.

SIS epresents a shift in thinking towards
= dlal YZINg a Site as a near autonomous system
=—=Where the inputs and outputs must both be

E o

;_";".-—- =
= “managed: locally.

_* |n doing so, many opportunities become
availlable to reuse or recycle inputs and outputs
from the various systems.
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ygliegies for tightening  the site hydrologic cycle
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.-°‘i'ShouId the goal be maintaining and enhancing
== the pre-development hydrologic regime of
urban and developed watersheds? | think not.
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PLANTINGS:
See BES Recommended
e . ' Plant List

ing buildings

.

BUILDING
DOWNSPOUT OR
OTHER CONVEYANCE
SYSTEM

OVERFLOW
Set 2" below
top of planter

SPLASH ROCKS
/ BLOCK

FILTER FABRIC

WATERPROOF
BUILDING

(AS NEEDED)
FOUNDATION DRAINS
(AS REQUIRED)

First to
STORAGE

pu PERFORATED PIPE

to run length of planter

T
=

PIPE TO
DISPOSAL POINT

(see Appendix G|, bottom or

side-out options

*Water reservoir depth may be reduced
if planter surface area is increased.

Then to RECHARGE
Flow-Through Planter Box

7/26/02
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SPETVEG oM tie 0lservation of stable ecosystems In
WiIICIIRtE! Dutputs off seme systems are the inputs for
oners.

.

B
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rhes Systems have unique attributes such as
ILENC ependent living and non-living elements that
_ ____'_--r ascade energy, water, matter and information in
= Circular pathways.

- el
- -
i -

_® Seguenced inter-connected ecosystems provide the
greatest value for the lowest cost for both stormwater
and: effluent utilization.
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WelEIrdeeSs not Pecome Wastewater
: I It net “wasted™.

> \lerdlsg Hize the reuse of stormwater and wastewater for

gation, toilet and urinal flushing and makeup water

. ._,J:'e ‘Evaporative air conditioning.

gﬁi == ‘By Intercepting the normal treatment process at the

-~ secondary level, nutrients in the effluent can be used

—= to grow valuable but non-edible plants by diverting

partially treated wastewater to lined and managed
growing beds or gardens in developed areas and
farms on barren land.

—

www.ecological-engineering.com



Eco gy-~ e-newq@ﬁrﬁ' gfﬁ"

SNETOWING altErnAtVES to |mported petroleum
IieyAlE the highest value for secondary
Q'fﬂl 2 -t 9ased on projected energy prices.

== rhaps Wwe should invest some of the next
e _:r|II|on dollars in pipelines to transport

= secondary effluent to barren Eco-Energy

~~  farms instead of expensive tertiary treatment
' In erder to better dispose of wastewater In

receiving waters
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Jiien e managing excess water anad
Ler TS 10 prevent Its generation in the first place.

E‘ff](*la? 2y is not always Effective
— ’f’f |ve means producing the intended result
— W ef reuse is effective
— ~E-ZG saving warm-up water from a low flow showerhead and

—

~ Using it to flush a 1.6 gallon toilet to minimize wastewater is

- el

. *“effective”
- — My wife would prefer an effective relationship —
not an efficient one
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SMISTOCCUNS WhEN the output of a system
BIBVIGES & Value that equals or exceeds
WERCOSE 10 manage that system.

S

- -
" .——-;"_'._- M
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: _-;_-. ~ —An example might be the plants grown with

._ e
-.—_-'.__

= - Wastewater that have a higher value to the
- user than the cost of care.
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SSVANCOEIPeraung these over-arcning
PINCIPIES Into a project, we seek to
0 rg\/]_ 1_-_ new: value-driven criteria

=
—
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e —

h hollstlcally address the site Issues

i --J—-
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“» while reducing the life-cycle cost to both
the owner and the community.
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i.v Integrated \Water
- Management

. Efficiency
— plus
~ Wastewater and Stormwater Reuse
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Sirsi O s.eme:g
VIENEgestiie Demand’ - =

e

— Computerize irrigation
to provide only the
minimum amount of

%mem@“' Indoor
Weriel emand =

SEWEGE! production water needed
= Spe: 1fy products that — Recycle water for
= exceed plumbing Irrigation and toilet
" 4:0de minimums flushing

‘:: ~— Select plant species — Retrofit existing
to minimize the need buildings

for irrigation

(Xeriscape)

=
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Urbantes Industrial Watershedses
anNintegrated \Water Man ane

- —

SPliiEreRatng this approach from others in the
Ealimof water management is the vision of
iggein commercial, and industrial hardscapes as
RVELETSEdS) that collect water.

—— g
o —— -

_— " i

= & \fe ask how much water and wastewater can be
-~ collected, stored and recycled in order to
preserve the available water supplies, prevent
pollution and reduce the costs associated with
water supply, storm and wastewater treatment.

www.ecological-engineering.com
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Re-thinking Stormwat |
E %@urce

OIMWater Nas enly been viewed as a problem

e

Ul mlb e shed guickly from the site so as to
DOSEN JC roblems to the site or Its users.

— -': 3
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S -\V en madequate water supply or quality Is a
--:~“'-_:c:oncern for a site or community, the collection,
- storage and reuse of stormwater becomes an
attractive prospect.
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MEVETYAdEY, smore than 678! million gallons of
SEOLARYEL er are dlscharged Into the rivers from
NEVAYC J___r __C|ty

* -:"'L'

- H_Lb epresents 61.6% of the daily water
—der and for the city.

.-i"-r_.-

- -
ol

_‘._

'-*; If;the stormwater was priced at the water rate,
then the storm water would be worth more than
$1.3 million dollars per day!

www.ecological-engineering.com




Above ground

e - or

Below ground
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~ Cisterns cos?%ﬁproximately $1.00

Floating
Uliediernn Filler

’-' J,.-"'. Trjes i | |
! A Uhlvrinmior | Filvering
Ll Pump &  Roofeasher
Pressure
Tank
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Conpstiictes Aquifers

r@*r']lnrf Bitimes, the volume But at AaliFthERSS
5 PeresIty of packed stone = 33%) ofi the
SiciNVEIUIENEENeICSHifainstoreValers

[T &)
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SNENErI Wastfirst coined! by the system ecologist,
piHoward ©dum, in 1962

-
——t

PRSIENing, engineering and design with the system
co)l y paradigmias a template is the work of a new
i —discipline called ecological engineering.

(‘D

-
I—

___._:;;;feF-Qr example, the ecological paradigm reveals how to
- safely utilize all of the polluting components of
stormwater and wastewater.

® Designers no longer need to presume wastewater
— If It’s not wasted!

www.ecological-engineering.com



Wilere Hf-@@)rmsﬁ 3

INECS eevel FJJf] has optimized the
‘ol lIving organisms as ecosystems to
nlrght minerals and nutrients.

i

BEN(WIb -'a capltal “I.”*) and ecological design are typified
Q/ 2= *F I
SE farganlzatlon
J:___ ‘Self-repair
~ — Adaptation and
-~ = Procreation
~  — a proven sustainable strategy for pollution prevention

What conventional wastewater treatment systems have we ever built
that can do that?
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ostrecological treatme
for New,Englandssss " 5

1:.-—.

— \/\/ruer JJ~ e at least 6" below grade

— Oyl can Use the surfaces for other purposes such; as

[EC! eatlon and education — no open water!
__,;: prks At Minnesota and Canadian winters

e Nosurface area exposed to ambient temperature

——

:;-_. = s Are typically insulated to prevent freezing

~_ _ ~  * Can be deep enough to use higher below-grade earth temperatures
— Proven effective by USEPA

— De-nitrifies and removes phosphorous by ecological design

— Two examples in Massachusetts — one operating for 8 years!
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Wire Mesh wWine Mesh ariabke Lewel
Gabion Wetland Flants Gabion Owuthet Zone

s = : i A
- e | Effluent
.'-._.‘f - £ - 5 5 & \.\_T_.:_\__‘_ ‘
Pipe Inket Sufsurface Hydraulac
Grade Line 507 Elbaw
Shotted
Duihet
Fipe Subsurface
Plastic Merribrane Treatment Reguired

Limer or Impenmealbde Soil

SUB-SURFACE FLOW WETLANDS

CROSS SECTION
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Plant Nitrogen
- Gas

Decomposition & Mineralization of \

. ,  Organic Hll:mgen&llhmpnrum v 'Tr

A
' Nltnflcutmn & Dtntrlfltutlun |

'||...|. T NPl " Decompaosition & Mineralization
$equesterin 1' of Organic Phosporous

of NH3

_I
il. s L 1L
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Floating and Emergent Plants Floating and Emergent Plants

Hydraulic Grade
Line \ 'If
[

VT

Submerged Growth Plants

Septic Tank Open Wates Surface

EfMfluent

— h
Inket Settling Zone [ -:".F "ﬁr a‘ﬁ Cuitlet Jone
r ity AR e
RIS ¥ ﬂ‘i\j} NN/ variable Level Subsurface
- ;i Dischange Feguired

Plastic Membrane Liner
or Impermeable Soil

g FONE 1 ———— —a—— — g FONE 3 ———

ZOME 2

Fully Vegetabed
Anaxic

Open-water Surfocoe
Asrobic

Fully Vegetated
Anoxic

FREE WATER SURFACE (FWS) CONSTRUCTED
WETLAND

CROSS SECTION
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s Soelar Aguatics duplicates,
under controllea
conditions, the natural
purifying processes of
fresh water streams,
meadows, and wetlands.
Using greenhouses to
enhance the growth of
bacteria, algae, plants
and aquatic animals.
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b-surface flow constructed wetland

With a tr
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rful > for meetings or just hanging-out It'sa
eighbor too!

- TR b=y
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AsNew Marketing Model E
= 58 rQeMH»Lgndsc_ es -

BRVEIIES Other than pollution; prevention:

SIGWET ife-cycle cost

- Aest'r;" Beauty and Perfume

SSIEUE], structure, food, fiber

'3‘;fan'd grasses can replace imported petroleum

e
T

e
e

el
i

“s \/alues that people want and are wiling to pay
for - versus waste treatment which they don't

want to pay for
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VENO-IC |S"Haﬁge,Re€ﬁﬂﬁn’ng"

\j\/rlcre\\rre Gardens.

r-¢ ead of treatment and reuse,
We ask:

= How many plants are
.r..____ - needed to use up all the
. wastewater?
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FEREWoom residence i central

VESsachusetts that was be razed to
BIEvent septic tank effluent from entering
e ﬁ' OWN'S drinking water well

_,.;.;;h_he_ solutlon was to separate gray and
~ Bblackwater and use up the graywater in a
- solar heated greenhouse attached to the

house.
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Characteristics of
Wastewaterganaent

“elflefletf]e

n]Jrlr terplanted re-
chIEJ‘ g sand filters

rlu:’ arge !

S untill all the
nt Ut 1s
sUimed: by evapo-
- = anSplratlon

"’ ,Governed by number and . % AR
“type of plants 3

e Can:be vertical to save
space

e Key factor: Leaf Area
Index and heat

—
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‘clean up pollution

-
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HVpPER-accumulation of t
SHEMmIcals anﬁﬁqeavy

tals

SEINPBLURES arerrequently transiermeaiin tie plant tissue into 1ess toxic
[onnsIor sequestered and concentrated so they can be removed
UevEsted) with the: plant.

FOIREXam 'r.-’ , mustard greens were used to remove 45% of the excess lead
pemrayard n Boston to ensure the safety ofi children who play there. The
SEMUEST red lead was carefully removed and safely disposed of.

—
-

-_--3.-__"'"

: _:i:_, SEsides mustard greens, pumpkin vines were used to clean up an old Magic
ﬁ = larker factory site in Trenton, New Jersey.

-n.._._,_

" Hyd-roponically grown sunflowers were used to absorb radioactive metals
near the Chernobyl nuclear site in the Ukraine as well as a uranium plant in
Ohio.

® Ferns are being used to extract arsenic from soils and water.

www.ecological-engineering.com
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Stewater treatment —
of theftture =
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Jhisein\VV/atersneadss s ntegrated \Water
Fr*oJoJ]rL Management
Westewater no more  © Re-thinking

.\1\/=F iEffectlveness Stormwater | .
Sustainable ® Ecological Engineering
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__: “Maintenance where
“Life informs Design”=
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SHLESIRS RN IChenanoalous, Sriall ana: Decentidlzea Wastewater
WMeirizig J.erwm sterns \WCEB/MceGraw-Hilll, Boston, MA 1998

. 1

rto, D. d Stelnfeld C., 7The Composting Tollet System Book; The
fier -—fe Oglcal Pollution Preventlon Concord, MA 2002

-

=rance, f Ed - Hanabook of Water Sensitive Planning anad Design, Lewis
.HJQﬂ* : S N, 2002

= = —— g
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el R0ogers, P., Ed Water Crisis — Myth or Reality, Swets & Zeitlinger
o -_Pubjlshers/ A.A. Balkema Publishers, Lisse The Netherlands 2005

DE]
Carll

Do)
U

= Viékeks, A., Handbook of Water Use and Conservation, Waterplow Press,
Amherst, MA 2002

* \Wolverton, B and Wolverton, C., Growing Clean Wafter, WES, Inc.,
Picayune, MS 2001
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